Dose-dependent de novo germline mutations detected by whole-exome sequencing in progeny of ENU-treated male gpt delta mice.
Germline mutations are an important component of genetic toxicology; however, mutagenicity tests of germline cells are limited. Recent advances in sequencing technology can be used to detect mutations by direct sequencing of genomic DNA (gDNA). We previously reported induced de novo mutations detected using whole-exome sequencing in the offspring of N-ethyl-N-nitrosourea (ENU)-treated mice in a single-dose experiment (85mg/kg, i.p., weekly on two occasions). In this study, two lower doses (10 and 30mg/kg) were added, and dose-response of inherited germline mutations was analyzed. Male gpt delta transgenic mice treated with ENU in three dose groups were mated with untreated females 10 weeks after the last treatment, and offspring were obtained. The ENU-treated male mice showed dose-dependent increases in gpt mutant frequencies in their sperm, testis, and liver. gDNA of one family (parents and four offspring) from each dose group was used for whole-exome sequencing, and unique de novo mutations in the offspring were detected. Frequencies of inherited mutations increased with dosage more than 25-fold in the highest dose group. The mutation spectrum of the inherited mutations showed characteristics of ENU-induced mutations, such as A:T base substitutions. No confirmed mutations were observed in the control group. Filtering using the alternate reads ratio resulted in the mutation frequencies and spectra similar to those obtained by the Sanger sequencing confirmation. These results suggest that direct sequencing analysis may be a useful tool to investigate inherited germline mutations induced by environmental mutagens.